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GLOSSARY OF ABREVIATIONS 
 

1. Аl₂O₃ - двуалуминиев триоксид 

2. AGC Micro - electroforming technique 

3. ASTM - American Society of Testing and Materials 

4. CAD/CAM - Computer aided design/computer aided manufacturing – 

компютърно насочен дизайн/ компютърно насочено изработване; метод 

за изработване на протетични конструкции чрез изрязване под контрола 

на компютърна система 

5. Ce-TZP – Ceria-stabilized tetragonal zirconia polycrystal 

6. Co-Cr dental alloy – Cobalt-Chromium dental alloy 

7. Cr – Chromium 

8. Cr-Co-Mo dental alloy – Cobalt-Chrom-Molybdenum dental alloy 

9. 3DP - inkjet-based system 

10. FDM - Fused Deposition Modeling 

11. FGP – Friktion-Geschiebe-Passung 

12. FPM -термопласт, флуорполимер 

13. GAMMAT®free – Galvanoforming system 



14. GES  – Gold electroforming System 

15. OHRQoL - Oral Health-related Quality of Life 

16. PA  – polyamid 

17. Pattern Resin  LS (от англ.) – моделажна пластмаса с ниско свиване 

18. PEEK – Polyetheretherketone 

19. RL  - Retention level 

20. RF – Retention force 

21. SLM - Selective Laser Melting – is layer-wise material addition technique 

that allow generating complex 3D parts by selectively consolidating 

successive layers of powder material on top of each other, using thermal 

energy 

22. Ti-6Al-7Nb dental alloy – type of titanium alloy 

23. TK-Snap-System (from German) – System producing telescopic crowns 

24. USIG Folie (from German) – thermoplastic foil for better friction by 

telescopic crowns 

25. Y-TZP – Yttria-stabilized tetragonal zirconia polycrystal 

26. ZrO₂  - zirconium dioxide 

27. PMMA – polymethilmetacrylate 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

I. INTRODUCTION 
 The aim of prosthetic dentistry is to restore function, phonetic and esthetic. One of the 

oldest methods for treatment of edentulous areas in the oral cavity are removable partial 

dentures. The correct choice of type of construction, design, retentive elements and materials, 

which are used, is crucial to the design of RPD’s.  

 Removable partial dentures could be classified according to different aspects. According 

to technology of their producing, clasp dentures differ model-cast dentures. In relation to the 

retentive elements by combined dentures, there are combined dentures with hinged, 

telescopic,splint bar attachments. Complex retentive elements are preferred, because they offer 

different decisions for balancing functional stability and esthetics. One of the most important 

criteria is the retention of the dentures. Despite the variety of materials and retentive systems, 

which are available, only a small number of studies have focused on the influence of material 

selection and the type of complex attachment on the long-term behaviour of this type of 

elements. 

Telescopic crowns are used both as a complex supporting and retentive element in 

combined prosthetics and in the producing of removable partial dentures with complex 

attachment – telescopic crowns. 

One of the main advantages of removable partial dentures with telescopic crowns is the 

secondary splinting of the abutment teeth, as they are indirectly connected with each other. 

It can be concluded, that the number of abutment teeth and in depth follow-up care have a 

significant impact on long-term success of partial dentures with complex attachment – 

telescopic crowns. 

II. AIM AND TASKS 
 

Aim of study  

The aim of the study is to examine and compare the retention force of telescopic crowns 
fabricated with different designs and technologies.  

 

To achieve the goal, 4 tasks were set: 

Task №1: Conducting a survey on the awareness of dentists and dental technicians to work 

with telescopic crowns 



Task №2: Proposing and developing a method for making telescope-crowns, ensuring 

good and long-term retention. 

Task № 3: Development of an apparatus for cyclic-mechanical loading of test specimens. 

Task №4: Study of the retention of four groups of test specimens of telescope-crowns with 

different designs. 

 

III. MATERIALS AND METHODS 
1. Materials and methods on task №1 

➢ To conduct a survey on the awareness of dentists and dental technicians to work 

with telescope crowns and technologies for their manufacture. 

      1.1 Dental technicians 

A total of 65 questionnaires were completed for the survey. The study was 

conducted in the period February - July 2018 during national forums, congresses. 

Develop your own questionnaire including 8 questions. Three of them revealed the 

distribution of the surveyed sample in terms of factorial signs of observation - gender, 

age and length of service. The other 5 are focused on the topic of telescope crowns - 

their manufacture, technological and structural features in the manufacture, as well as 

the opinion of dental technicians about their possible advantages over other types of 

complex elements. 

The obtained data are systematized in tabular and graphical form. 

The R programming language, frequency distribution analysis, the modified Rao-

Scott method, and Pearson chi² analysis were used for statistical data processing. 

1.2 Dentists 

A total of 208 questionnaires were completed for the survey. The study was 

conducted in the period February - July 2018 cards among dentists practicing in the 

country during national forums and congresses. 

Develop your own questionnaire including 8 questions. Five of them revealed the 

distribution of the surveyed sample in terms of factorial signs of observation - gender, 

age, length of service and clinical specialty. The other three are focused on the topic 

of telescope crowns - their manufacture, technological and design features in the 

manufacture and clinical use. 



The obtained results were processed using the programming language R, using 

descriptive, graphical methods and analysis for association between the individual 

variables. 

The statistical methods used to process the data include: 

• Analysis of frequency distributions and difference in the proportions of the 

individual sections with the U criterion for normal distribution 

• Analysis of Pearson chi², for the association between questions with one possible 

answer 

• Modified Rao-Scott association analysis for questions with more than one possible 

answer (5). 

2. Materials and methods for task №2 

To achieve this goal, the primary and secondary telescopic crowns were made on 

a prepared first upper molar of a phantom model (Frasaco Typodont A3) of Cr-Co 

alloy (Fig. 1). The stump of the phantom model was prepared with an arcuate 

circumferential preparation border - cylindrical at the base and 4˚ in the occlusal 

direction with conicity. The tooth stump on which the telescopic crowns were 

produced is insulated and dripped with milling wax, forming a groove on the 

proximal surface, which ends above the neck with a recess for a spherical ball. This 

is followed by milling with a wax cutter, finishing with a modeling knife, fixing the 

transfer bead with an individually portable wrench (Fig. 2). Proceed to casting metal, 

cleaning the sandblasting apparatus and adjusting the primary telescope on the stump 

(Fig. 3). 

 
Fig.1. Preparation 



 
Fig.2.  Transfering of primary telescopic crown 

 
Fig.3. Primary telescopic crown 

 
Fig.4. Wax-up process of the secondary telescopic crown 

The primary telescopic crown is milled and polished, released from Paterizin. The cap is 

made in two parts, which are then connected and a secondary crown (Fig. 4) is dropped on 

top, on the inner surface of which there is a spherical ball  and the profile of the chute. 



The last step is to cast the secondary telescopic crown of Cr-Co alloy, sandblasting and 

polishing. 

3. Materials and Methods on task №3 
 

For the fulfillment of the set task, in the apparatus designed by the scientific team there are 

possibilities for mechanical-cyclic laboratory study of the retention in the telescope-crowns, 

made by different methods, setting different parameters (number of cycles, time for one cycle, 

strength of load). The design, implementation and settings were carried out with the help of 

lecturers from TU-Plovdiv, Department of Electronics.In order to construct such an apparatus, 

the following was performed: 

• The data in the scientific literature on the devices used to study the retention of telescopic 

crowns were analyzed. 

• The requirements to the device were analyzed and the components to ensure the 

achievement of these requirements were determined. 

• Trial tests were performed 

The construction principle of the apparatus proposed by the research team allows for 

multiple cyclic and mechanical loading in the environment of artificial saliva, setting the desired 

parameters - number of cycles (0-10000), time to perform one cycle (in seconds), load strength 

(0 -50N). 

The proposed prototypes were designed by CAD / CAM (3Shape) and printed on a 3D 

printer (EOS M 100). The equipment is available at SPF-Plovdiv. 

The research was conducted with the assistance of lecturers from the Department of 

Chemical Sciences at the Medical College Plovdiv at MU-Plovdiv. A special environment of 

artificial saliva has been developed for laboratory testing under cyclic-mechanical loading of 

the proposed laboratory apparatus. 

The reporting of the values in the research is registered by software through a special 

program. The author's team offers specially developed fixing elements for fixing the prototypes 

(Fig. 5). 



 
Fig.5. Specially developed fixing elements 

 

The test specimens were subjected to cyclic-mechanical loading. The force required to 

overcome the friction between the primary and secondary telescope was measured using the 

experimental setup, which is working in FDM-Plovdiv through the LMT 100 device of the 

company Lam technology Italy. 

Device setup: 

i. Lifting the middle plate by turning the flywheel (pos. 1) clockwise 4-5 turns. 

ii. Turn on the power. 

iii. Pressing the ADJUST button, which turns the engine and the two red markers on 

the drawbar and the gearbox match. (this corresponds to the lowest position) 

iv. Measure size A (see assembly drawing) (Appendix №6) 

v. The backstage stroke is calculated by the formula H = 2 (A-Ao), where H is the 

stroke; Ao = 18.8mm 

you. Changing the course of the backstage is done by turning the screw head against 

the red marker (increase - to the right, decrease - to the left). One turn changes the 

stroke by 1.6 mm. 

vii. At the lowest position of the backstage, the two parts of the prototypes are fixed. 

Then use the flywheel to move the upper part of the sample against the lower part at a 

distance of 3-4 mm. The clamps (pos. 15) are raised to slightly tighten the springs (pos. 

13). The right springs are slightly tighter than the left ones due to the location of the tub. 



viii. By shifting the vessel (pos. 16) the primary and secondary telexop crowns are 

centered. With the plates (pos. 28 and 33) and screws (pos. 31 and 21) the vessel is 

fixed. 

ix. The container is filled with artificial saliva and the container is fixed to the top 

plate. 

x. Adjust the pressure force. The ADJUST button is pressed, the engine rotates and the 

two red markers on the drawbar and the gearbox coincide (this corresponds to the 

lowest position). Carefully rotate the flywheel counterclockwise, following the display. 

At a pressure greater than 50N, a red indicator flash. You must stop and set a correct 

value. If too much pressure is applied, the strain gauge will fail. After setting the desired 

value, exit this mode and press the ADJUST button again. 

When the START button is pressed, the device starts working and value adjustments 

are not possible. Adjustments and adjustments are made in stop mode. 

4.  Materials and Methods on task №4     

                           

Fig.6. Groups test specimens 

 

Four groups of test specimens were fabricated by 3D printing, each of which contains 
the same number of specimens (n = 10).  

First group - classical method. The primary telescope is designed with a cylindrical-
conical design that meets established standards. The conical part is designed at an angle of 
4˚. 

Second group - according to the FGP methodology of Bredent, Germany. The 
methodology includes an auxiliary system for retention between telescopes based on a 
composite resin. The primary telescope is designed with a cylindrical-conical design, with a 
taper angle of 4˚. 



Third group - according to the Usig-folie methodology of Erkodent, Germany. In order 

to improve retention, this method uses a composite resin-based auxiliary material between the 

two telescopes. The design of the telescopic crowns is again cylindrical-conical, with a taper 

angle of 4˚ 

Fourth group - the method developed by the author and their scientific team. For this 
method, there is an additional retentive element on the interproximal wall of the primary 
telescopic crown - a groove ending in a hemisphere. 

 Four subgroups were fabricated, differing in the shape of the inner telescope, the height, 
and the taper angle.  

1st subgroup (or group 4a, henceforth) - telescope height 5 mm, cylindrical-conical design, 
and taper angle 4˚ of the primary telescope.  

2nd subgroup (4b) - telescope height 6 mm, cylindrical-conical design, and taper angle 2˚  

3rd subgroup (4c) - telescope height 5 mm, cylindrical-conical design, and taper angle 2˚.  

4th subgroup (4d) - telescope height 5 mm, cylindrical design (taper angle 0˚). 

 

For all groups, the (II) CAD system was used, which allows the operator to create an 
electronic model of the image, display it on the screen, and use it to design the denture.  

The virtual prototype of the primary and secondary telescopes was made simultaneously on 
the software program for all test specimens before being printed on the 3D printer (Fig. 1, 2). 
Several parameters were set for all groups:  

• 5 mm height of the tooth stump 
• sill diameter of 0.6 mm 
• minimum thickness of the primary and secondary telescope of 0.5 mm 
• distance between the primary and secondary telescope of 10 microns (with the exception 

of group 4d)  

During the creation of the complete virtual prototype of the specimens, an additional 
retention (10mm long) was set for fixing the specimens to the apparatus. 

All obtained specimens were processed according to the same protocol (i.e. sandblasting of 
the outer surface of the secondary telescopes, as well as polishing with rubber and paste of the 
primary and secondary telescopic crowns). For the second group, the primary telescopic crowns 
were polished for one minute on an electropolisher and were subsequently polished to a mirror-
smooth surface with rubber and paste. 



 
Fig.7. Screen shot of the design of the primary and secondary telescopic crown with USIG 
Folie 

 
Fig.8. а) Screen Shot of the design of the primary and secondary telescopic crown of forth а 

group 

 
Fig.8. b) Screen Shot of the designed by the scientific team method primary and secondary 

telescopic crown  



              
Fig.9. Thermoforming of the plastic foil          Fig.10. Shaped foil 

 
Fig.11. Adapted foil on the primary telescopic crown 

 
Fig.12. Group fourth b; Primary telescopic crown 



            
Fig.13. а) Group fourth c; Primary telescopic crown b) Secondary telescopic crown 

 
Fig.14. Group fourth d; Primary telescopic crown 

 
The third group, using the Usig-folie system, consists of a 0.5 mm thick foil, an adhesive 

system (glue and primer) and a fine filling granulate. The friction increases significantly if the 

Usig-folie is thermopressed. 

In strict compliance with the instructions for operating with the mechanical-cyclic loading 
apparatus, the additional retentions were cemented on the surface of the primary telescopes with 
composite material.  

In an experimental laboratory setup, developed by the team, the four groups were subjected to 

a cyclic-mechanical loading of 6,000 cycles of insertion and separation of the elements with a 

set force of 50 N. The force required to overcome the friction between the primary and 

secondary telescopes was measured with the apparatus for testing micro pressure and tension - 

LMT 100 (Lam technology, Italy)(Fig.12). 



 
Fig.12. LMT 100 (Italy) 

 
Fig.13. Set parameters for mechanical-cyclig loading of test specimens 

Usig-folie system (Erkodent, Germany) is for re-working friction by telescopic dentures. This 

system consists of foil with thickness 0,5mm, adhesive system (primer and glue) and fine 

graining granulate.The friction increases significantly if the Usig-folie is thermopressed without 

the place to hold the foil. For more than 5 stumps, very long primary telescope crowns, for loose 

caps and for implants, a thermo-press sealing foil must be applied. 

The following parameters were set when measuring the retention forces with the LMT 100 
apparatus: 

• separation speed of 0.1 mm/s 
• 1mm of separation path between the primary and secondary telescopes 



• distance between retaining elements of 25mm (before the initiation of the separation 
process) 

To perform the test, custom retaining elements for the apparatus were developed.  

CAD/CAM-designed and 3-D printer fabricated test specimens were subjected to a total of 
520 mechanical-cyclic loading tests. The retention force was measured before the mechanical-
cyclic loading and then every 500 cycles, until a total of 6,000 cycles of cyclic-mechanical 
loading were performed. 

Statistical processing was performed using descriptive, graphical, and correlation analyses and 

the Wilcoxon-Mann-Whitney and Repeated Measures ANOVA test was utilized for 

comparison of different groups of specimens. For the purpose of the study, the specialized 

statistical software IBM SPSS Statistics v.26 was used. 

 

IV. RESULTS AND DISCUSSION  
1. Results and Discussion on task №1 
1.1 Dental technicians 

 

The resultant units of observation include questions four to eight. 
•          Manufacturing telescopic crowns in everyday practice 

The number of dental technicians included in the survey who have manufactured telescopic 
crowns slightly exceeds the number of those who have not worked with this type of 
restorations. The test with the U criterion for normal distribution did not show a statistically 
significant difference in the indicators (U = 1.94; P> 0.05). The latter determines the 
equivalence in the proportional distribution of the unit "manufacturing restorations of the 
telescopic crown type" among the respondents. 

Figure 14 shows the distribution of the respondents according to the unit "manufacturing 
restorations of the telescopic crown type" in the form of a bar graph. 

 



 
Fig.14. Distribution of the respondents according to the unit "manufacturing  restorations of 
the telescopic crown type" 
 

An interesting question is about the preferred technology for manufacturing telescopic crowns 
among dental technicians. Figure 15 shows the distribution of responses respondents gave 
based on the proposed answers. The the diagram shows a clear preference for the use of the 
technique of model casting and milling over the alternatives. One of the reasons for this is the 
infrequent application of telescopic crowns in the country. 

58%

42%

YES NO

"Have you ever used telescopic crowns in 
your practice"



 
Fig.15. Distribution of the respondents according to the preferred technique of manufacturing 
telescopic crowns. 

The opinion of the dental technicians about their preferred alloy for manufacturing 
telescopic crowns is important. 

Figure 16 shows their responses and most respondents, a total of 60%, preferred the use of 
precious metal alloys. The difference between nonprecious alloys and gold alloy is weakly 
expressed. None of the respondents preferred the answer "22 carat gold alloy". It is assumed 
that the reason for this is the high price of the alloy in question. 

 
 

 
Fig.16. Preferred alloy for manufacturing telescopic crowns 
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Key to the present study is the opinion of the respondents about the advantages of telescopic 
crowns over other retention components. 

Figure 17 shows the distribution of the respondents’ responses to Question 8 in the form of a 
bar graph. 

 
Figure 17. Distribution of the respondents according to their opinion about the advantages of 
the telescopic crowns as retention components 

1.2 Doctor of Dental Medicine  

      For the purpose of the study, a questionnaire with 9 questions was developed. The first five 

revealed the distribution of respondents regarding the features of observation: Sex, Age, Work 

Experience (Table 1 and Figure 18), and Clinical Specialty.  

    № % Sp 

Sex 
Female 108 51.92 3.47 

Male 100 48.08 3.47 

          

Age group 

Under 30 54 25.96 3.05 

30 to 40 48 23.08 2.93 

41 to 50 56 26.92 3.08 

51 to 60 39 18.75 0 

Over 60 11 5.29 3.05 

          

Work 

experience   (in 

years) 

Under 6 42 20.19 2.79 

6 to 10 36 17.31 2.63 

11 to 20 51 24.52 2.99 

Over 20 79 37.98 3.37 

  Table 1. Factorial features of observation 
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Fig.18. Distribution of the respondents towards the work-experience factor 
 
The next two questions (#6-7) were concerned with the telescopic crowns – their fabrication, 

technological and constructive specifics, and their clinical application. Figure 19 depicts the 

distribution of respondents based on whether they have used telescopic crowns in their practice.  

 

    Fig.19. Relative share of the respondents according to their response to the question – 
“Have you ever used telescopic crowns?” 

In Table 2 the respondents’ answers to question #7 (“What manufacturing technique have 

you used when fabricating telescopic crowns?”) are summarized. 
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The most significant results from the sixth and seventh questions are as follows: 

• The number of dental practitioners who have applied in their practice RPDs with 

telescopic crowns sits at only 38%. 

• The ”milling/cast metal” is the most frequently used fabrication technique. FGP 

(Bredent) и 3D printing are techniques rarely used by the participating dental practitioners prior 

to the conducting of this study.  

Dental practitioners’ general lack of experience with telescopic crowns (i.e. over 60% of 

them have never applied RPDs in their practice) is to a great extent a result of their clinically 

oriented professional habit. For most, the process of scientific build-up of reports and 

information about the phenomenon is not of key significance. Rather, it is the introduction 

of specific recommendations, protocol, and clinical application of novelties that is of greatest 

value.  

The results to the last two questions may shed some light as to why nearly two-thirds of 

dental practitioners have never used telescopic crowns in their practice. As depicted in Figures 

3 and 4, the majority of them are still unfamiliar with the many benefits that telescopic crowns 

provide (such as axial transferring of masticatory pressure, prolonged durability, improved 

retention, as well as having a stabilizing effect). Thus, a supposition can be made that the 

respondents’ familiarity with the advantages of telescopic crowns is a primary factor in their 

decision to use this type of precision attachment. Further investigating the results and 

dissecting the data, this appears to be the case as 61% of the respondents who consider 

telescopic crowns to be superior to other retention components have used telescopic crowns 

before. On the other hand, only 38% of the dental practitioners who do not believe in 

telescopic crowns’ superiority have used them in their practice.  

Similar to the above analysis on telescopic crowns - the most likely reason why the FGP 

(Bredent) и 3D printing techniques have been rarely used is the respondents’ lack of 



familiarity with the well-established benefits of the two systems. Research has shown that 

telescopic crowns produced with 3D printing technology have high retention values4,9. 

Furthermore, besides being a fabrication system that yields good retention, FGP is also 

considered as one of the best methods to improve telescopic crowns’ lost retention over time. 

Another likely reason for dental practitioners’ preferred choice of manufacturing methods is 

and the relative cost of each fabrication technique (with the classical techniques being cheaper 

than the alternatives), as well as the overall infrequent application of telescopic crowns in the 

country. 

 

  



Technique  Number % 

Single technique  
a) 3D printing 

 
      1 

 
0.5% 

b) CAD/CAM 

 

   19        9% 

c) FGP (Bredent) 

 

     3        1.4% 

d) milling/ cast metal    46      22.1% 

Total      69 33% 

More than one technique 

a) 3D printing 

d) milling/ cast metal  
 

 
1 

 

 
0.5% 

b) CAD/CAM 

в) FGP (Bredent) 

 

 
1 

 
0.5% 

c) CAD/CAM 

d) milling/ cast metal 
 

 
7 

 
3.5% 

c) FGP (Bredent) 

d) milling/ cast metal 
 

 
1 

 
0.5% 

a) 3D printing 

b) CAD/CAM 

d) milling/ cast metal 
 

 
1 

 
0.5% 

a) 3D printing 

c) FGP (Bredent) 

d) milling/ cast metal 
 

 
1 

 
0.5% 

a) CAD/CAM 

c) FGP (Bredent) 

d) milling/ cast metal 
 

 
1 

 
0.5% 

a) 3D printing 

b) CAD/CAM 

v) FGP (Bredent) 

d) milling/ cast metal 

 
2 

 
1% 

Total  15 7.5% 

     No responses 124 59.5% 

Table 2. Telescopic crowns fabrication techniques used by dental practitioners  
 

  



The eighth question in the questionnaire study - “Have you observed in your practice any 

stabilizing of unstable teeth with the application of telescopic crowns?” - was designed to assess 

the impression of respondents of the effect telescopic crowns exert on teeth stabilization. Out 

of the total 208 respondents, 50 (24%) gave a positive response, 120 (58%) responded 

negatively and the remaining 38 (18%) did not provide an answer (Figure 20). To correlate the 

relative share of the positive and of the negative responses, the Fisher’s exact test was applied. 

The results show a significantly higher proportion of respondents whose experience has shown 

no effect of the telescopic crowns on the stabilization of unstable teeth, compared to the 

respondents of positive observation in that respect, p<0.001. 

 
 
Fig.20. Relative share of the respondents according to their response to the question: „Have 
you observed in your practice any stabilizing of unstable teeth with the application of 
telescopic crowns?”  
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unstable teeth with the application of telescopic crowns?” 



In the last question, the respondents are asked to give their opinion on whether the telescopic 

crowns surpass the other types of attachments in terms of retention of the removable partial 

dentures. Out of the total 208 respondents, 56 (27%) gave a positive response, 97 (47%) 

responded negatively, 4 (2%) said both „Yes and No“, 2 (1%) answered with „I don’t know“, 

and 49 (23%) did not respond to that question. Comparing the negative to the positive answers 

(through Fisher’s exact test) shows a considerable predominance of the opinion that the 

telescopic crowns are not superior to the other types of attachments, p < 0.001 (Figure 21). 

 

Fig.21. Relative share of the respondents according to their response to the question: “Do you 
consider telescopic crowns superior to the other types of attachments? “  
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2. Results and Discussion on task №2 
 

The method for better retention of telescopic crowns developed by the research team has a 

number of advantages compared to other methods. One of the main advantages of the method 

is the design of the crowns, the included two additional retentive elements (groove and 

hemisphere), which provide long-term and good retention. There are authors who use only 

one additional retentive element. Lutzmann, Baumann and Lee offer a way to restore friction 

by making a groove on the primary crown in which an elastomeric ring is placed. 

Unfortunately, there is no evidence in the literature that this method leads to long-term and 

effective retention of telescopic crowns. 

Minagi (Figs. 24a and 24b) represents an open outer crown that engages with a trimmed 

inner crown and thus can affect friction reproduction. 

    
Fig.22. Elastic“O-ring” (134)               Fig.23. Marburger Doppelkrone-TK-snap (126) 

      

Fig.24а. Inner crown by Minagi (140) Fig.24b. Оpen secondary crown 

 



Wenz and F.Emde describe an efficient but complex TK-Snap-System in which the 
additional retaining element is built-in (Fig.23). 

The advantage of the method is the design of the crowns, the included two additional 
retentive elements, which ensures good and long-term retention. 

I. Lebedenko describes in "Telescopic and locking dentures" friction elements, 
representing a combination of spring hemispheres located in the movable part of the prosthesis 
and holes for this hemisphere in the fixed part of the prosthesis (primary telescope). 

The main disadvantages of the additional retentive elements described above are that 
they cannot be replaced after their wear (leading to loss of retaining force) and are difficult to 
use. 

The choice of technology for the production of telescopic crowns with additional 
retentive elements is complicated. Many authors use classical technologies. 

The advantage of the method created by the research team is the possibility for the 
telescopic crowns to be made both by classical technologies and by designing and 
manufacturing by CAD / CAM technology. 

As it becomes mandatory to observe the stages (technological) disadvantage of the 
method is the long process and complexity of manufacturing. This requires extreme precision. 

 
3. Results and Discussion on task №3 

 

The constructed apparatus has three main parts – mechanical, retentive and electronically 

programmable (Fig.25) 

 

 
 

Fig.25. Apparatus for mechanic-cyclic loading 

The mechanical part consists of upper, middle and lower plates connected by strictly 
parallel guide axes. Each of the plates carries different drive elements. The retaining part 
fixes the support-retaining element and has a reservoir and a container for artificial saliva 
(Fig.26) 

Mechanical part 

Retentive part 

Electronically 

programmable 

part 



 
Fig.26. Retentive part        

Electronically programmable part reads and sets the values of number of cycles, time for one 

cycle and regulates the pressure force in Newtons (Fig.27). 

     
Fig.27. Electronically programmable part    

  Artificial saliva was used in the experimental procedure to simulate conditions in the oral 

cavity. It can affect the properties of the material from which the samples are made. Bayer et 

al. claim that the lack of saliva changes the frictional wear due to the retention forces. Ohkawa 

et al. evaluate the effect of retention forces with different loads on the telescopic crowns. They 

conclude that a load of up to 50N increases the retention force. If the load is more than this 

force, the retention force changes. Turp et al, Güngör et al and Bayer used a load force of 50N 

in their studies. For these reasons, our research team uses the most common value for load 

strength in the study. 



The developed laboratory stand imitates the movements along the axial axis of the tooth 

(vertical movements). Similar studies have been done by a number of authors, but on a different 

type of apparatus that mimics combined chewing movements (vertical and horizontal). 

In order to fix the primary and secondary telescopic crown, our research team has developed 

special restraints. In contrast, likelik G. et al. use matrices in which the telescope fixes the 

crowns with resin. 

The tests performed on four groups of experimental bodies give us grounds to apply the 

approach for repeated cyclic loading with this device to other prosthetic elements.      

4. Results and Discussion on task №4 
Four groups of experimental samples were examined for this task. They were subjected to a cyclic 

mechanical loading load of 6000 cycles of articulation and disassembly of the elements with a set force 
of 50 N in the laboratory experimental set-up developed by the team. The force required to overcome 
the friction between the primary and the secondary telescope was measured using the experimental set-
up used in FDM-Plovdiv using the micropressure and microtension test apparatus - LMT 100 of the 
company Lam technology Italy. The reading of the values during the study is registered by software 
through a special program. In this way, information was obtained about the holding power between the 
primary and secondary telescopes. To carry out the test, special holding elements for the apparatus were 
developed. 

The CAD/CAM designed and 3-D printed test specimens were subjected to a total of 520 mechanical 
cyclic loading tests. Retention strength was measured before mechanical cyclic loading and then every 
500 cycles, until a total of 6000 cyclic mechanical loading cycles were performed. On the face are 
studies by other authors investigating the holding power of telescope crowns, which subject their test 
specimens to 5000 or 10,000 cycles of mechanical cyclic loading.  

4.1 Results and discussion on 1st subtask 

 

     In the case of the specimens from the first group (classical), the retention is carried out 
bymeans of the friction of the metal alloy from which the primary and secondary telescopes 
are fabricated. The following two conclusions can be drawn: 

1. The expected force at zero cycles is 3.047 Newton (N). 

2. The force can be expected to decrease by about 0.285 N for every thousand cycles. 



 
 Fig. 28. Relationship between number of cycles and average retention force by first group  

 

      Correlation analysis for the relationship between the number of cycles and the average 
force (first group): 

 

Correlations 

 Cycles First 

Cycles Pearson Correlation 1 -,845** 

Sig. (2-tailed)  ,000 

N 14 14 

First Pearson Correlation -,845** 1 

Sig. (2-tailed) ,000  

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

                          Tab.3. Correlation analysis first group 

 

In the second group (FGP system) – similar to the first group – the relationship between 
the number of cycles and the retention force is inversely proportional (i.e., as the number of 
cycles increases, the retention force decreases). The following two conclusions can be made: 

1. The expected force at zero cycles is 3.111 N. 

2. The force can be expected to decrease by about 0.211 N for every thousand cycles. 
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Correlation analysis between  number of cycles and the load: 

Correlations 

 Cycles 

Second 

group 

Cycles Pearson Correlation 1 -,614* 

Sig. (2-tailed)  ,019 

N 14 14 

Second 

group 

Pearson Correlation -,614* 1 

Sig. (2-tailed) ,019  

N 14 14 

*. Correlation is significant at the 0.05 level (2-tailed). 

                  Tab.4. Correlation analysis 2nd group 

 

Fig.29. Relationship between number of cycles and average retention force (second 
group) 

      Comparing the results obtained with the Usig-folie and FGP-systems, it was concluded that 
the maximum retention force of the test specimens from the third group (Usig-folie) is twice 
less than that with the specimens from the second group (FGP system). One possible reason 
for this is that during the insertion and separation of the primary crowns with the secondary 
telescopic crowns, some surface irregularities are erased, and the retention effect is reduced. 
Based on the evaluated model, the following two conclusions can be drawn: 

 
1. The expected force at zero cycles is 0.792 N. 

2. The force can be expected to decrease by about 0.134 N for every thousand cycles. 
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Correlation analysis between number of cycles and average retention force:  

Correlations 

 Cycles 

Third 

group 

Cycles Pearson Correlation 1 -,957** 

Sig. (2-tailed)  ,000 

N 14 14 

Third 

group 

Pearson Correlation -,957** 1 

Sig. (2-tailed) ,000  

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

            Tab.5. Correlation analysis Third Group 

 
Fig.30. Relationship between number of cycles and average retention force (Third group) 
In 2014 Cr.M. Burton and team are doing research to evaluate the FGP system as an 

alternative to other telescopic crown procedures. The team uses different types of systems: FGP, 
electroplating, USIG folie and classic. Classical laboratory procedures have been used to make 
the primary telescopic crowns. As a result, the research team observed an increase in roughness 
in galvanic systems, which makes the contact surfaces more retention. Compared to them, FGP 
ensures smooth matching of surfaces. 

This system is necessary in practice because of the easy work with it and especially because 
of the possibility to optimize the retention of the prosthesis. 

During the fabrication of the specimens from the fourth group the method of retention 
developed by the scientific team was applied. The following two conclusions can be made: 

1. The expected force at zero cycles is 1.022 N. 

2.  The force can be expected to decrease by about 0.12 N for every thousand cycles. 
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Correlation analysis between number of cycles and average retention: 

 

Correlations 

 Cycles 

Fourth 

group 

Cycles Pearson Correlation 1 -,921** 

Sig. (2-tailed)  ,000 

N 14 14 

Fourth 

group 

Pearson Correlation -,921** 1 

Sig. (2-tailed) ,000  

N 14 14 

**. Correlation is significant at the 0.01 level (2-tailed). 

Tab.6. Correlation analysis (Fourth group) 

 

 

 

 

 
Fig.31. Relationship between number of cycles and average retention force (Group 4a) 

For all groups, the relationship between the number of cycles and the force is statistically 
significant at a 0.01 (1%) risk of error.  
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The results of the comparison of the four groups of specimens (Figure 32) show a 
statistically significant difference between the groups (p <0.001).  

This is due both to the different design (i.e. height and taper angle) of the subgroups of the 
fourth group of test specimens and to the systems used in the second and third groups of test 
specimens.  

 
Fig.32. Relationship between number of cycles and average retention force by four groups 

The highest values of retention force were reported in the second group (FGP system), in 
which the values are almost constant up to the 5500th load cycle (2.7-3N). The retention force 
is slightly lower in the first group (classical method). In this group of test specimens, with 
increasing number of load cycles, the holding force has a variable course. In third place by 
virtue of detention is the fourth group, which uses a method developed by the scientific team. 
The values of retention force are the lowest in the samples from the third group (USIG foil 
system). 

4.2 Result and discussion second subtask 
4.2.1 Investigation of the relationship between the number of cycles and average 

retention force (Group four b) 

Corrlation analysis between number of cycles and average retention force: 

 Cycles Four b group 

Cycles Coefficient of 

correlation 

1 -,910** 

Level of significance  ,000 

N 14 14 

Four b group Coefficient of 

correlation 

-,910** 1 

Level of significance ,000  

N 14 14 
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** Correlation coeffiecient is statistically significant at error risk 0.01 (bilateral 

critical area). 

 

                Table.3. Correlation analysis by Four b group 

 

                 
       Fig.33. Relationship between number of cycles and average retention force (Group Four 
b) 

 

Based on the evaluated model, the following two conclusions can be drawn: 

• First, that the expected force at zero cycle is 1,678 Newtons (N). 
• Second, for every thousand cycles, the force can be expected to decrease by about 

0.121 Newtons (N). 
4.2.2 Study of the relationship between number of cycles and average retention force 
(Group Four c ) 

Correlation analysis between number of cycles and average retention force: 
Correlation matrix 

 Cycles Four c group 

Cycles Coefficient of 

correlation 

1 -,970** 

Level of significance  ,000 

N 14 14 

Four c group Coefficient of 

correlation 

-,970** 1 

Level of significance ,000  

N 14 14 
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** Correlation coefficient is statistically significant by error risk 0.01 (bilateral 

critical area). 

Table.8. Correlation analysis Group Four c 

The following conclusions can be drawn from the obtained results: 

• The relationship between the number of cycles and the force is inverse, ie. with 
increasing number of cycles the force decreases. 

• The relationship between the number of cycles and the force is very strong (since the 
correlation coefficient is -0.97, ie close to -1) and statistically significant even at a 
risk of error of 0.01 (1%). This means that the number of cycles has a strong effect 
on strength. 

 
Fig.34. Relationship between number of cycles and average retion force (Four c group) 
 

4.2.3 Study of relationship between number of cycles and average retention force (Four 

d group) 

Correlation analysis of the relationship between cycles and average retention force: 

Correlation matrix 

 Cycles Four d group 

Cycles Coefficient of 

correlation 

1 -,911** 

Level of significance  ,000 

N 14 14 

Four d group Coefficient ot 

correlation 

-,911** 1 

Level of significance ,000  

N 14 14 
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** Correlation coefficient is statisticaly significant by error risk 0.01 (bilateral critical 

area). 

        Table.9. Correlation analysis Four d group 

 

 

 

 

The following conclusions can be drawn from the obtained results: 

• First, the relationship between the number of cycles and the force is inverse, ie. with 

increasing number of cycles the force decreases. 

• Second, the relationship between the number of cycles and the strength is very strong 

(since the correlation coefficient is -0.911, ie close to -1) and statistically significant 

even at a risk of error of 0.01 (1%). This means that the number of cycles has a strong 

effect on strength. 

 
              Fig.35. Relationship between number of cycles and average retention force (Four d 
group) 

Based on the evaluated  statistical model, the following two conclusions can be made: 

• First, that the expected force at zero cycle is 3,224 Newtons (N). 
• Second, for every thousand cycles, the force can be expected to decrease by about 0.228 

Newtons (N). 
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Fig.36. Comparison of retention force between all groups test specimens 

 

Group 4d obtained the highest retention force values in total. In this group was applied the 
method developed by the scientific team with a taper angle of 0° and 5mm height of the primary 
telescope. In this subgroup of test specimens at the beginning of the study the retention force 
has been 3.224 N and after 6,000 load cycles there was still such, although minimal - 1.15 N. 
In second place in terms of retention force is the second group (FGP-system). The retention 
force is slightly lower in the first group (classical method). In this group of test specimens, 
with increasing number of load cycles, the retention force has a variable course. In fourth place 
in terms of retention force is the fourth c group, in which the method developed by the scientific 
team with a taper angle of 2°- and 5-mm height was applied. In this subgroup the maximum 
retention force is 2.646N. The retention force is lower in the fourth b group, in which the 
method developed by the scientific team was again applied, but with a telescope height of 6 
mm and a taper angle of 2°. In this subgroup the highest retention force is 1.857N. In sixth and 
seventh place are the fourth a group (according to the method developed by the team) and the 
third group (USIG-Folie), in which the fourth a group is with a maximum retention force of 
1.313N, while in the third group it is 0.986N. 

There are studies that observe the retention of telescopic crowns fabricated with various 
additional retentive elements. Some of them confirm the results of our study (7, 16).   The 
authors of other studies applying additional retentive elements concluded that the retention 
force of the additional retentive element is non-constant force and variable (67). The reasons 
for this, in our opinion, lie in various factors - taper angle, material, height of the tooth stump, 
etc., which could affect retention. 

Our studies on the retention force between the primary and secondary telescopes applying 
the FGP system (Bredent, Germany) confirm the results of some author teams (1, 54). 
According to the results of the other author teams, the retention force in this system is extremely 
high (3-7N) compared with the classical method, which relies only on the force of friction. A 
good option that contributes to improving the retention between the components through 
friction metal with metal, is the system FGP (Bredent) - friction system based on resin (1, 2, 
21, 54). In another study on friction in telescopic crowns Dabrowa et al. proved that the highest 
coefficient of friction occurs when ceramics are rubbed on FGP composite resin (62). In 2014 



Cr.M. Burton et al. (54) conducted a study evaluating the FGP system as an alternative to other 
procedures for telescopic crowns. The team used different types of systems: FGP, 
electroplating, USIG folie and classical. To date, there are few studies on the Usig-folie system 
(Erkodent, Germany) (39,40). No comparative studies have been published on the effects of 
FGP and USIG-folie on retention of telescopic crowns.  

 
The first group’s results obtained by the research team confirm the conclusions of other 

authors [29, 49, 93]. After the studies conducted by them comparing the relationship between 
the duration of the load and the retention force between telescopes fabricated according to 
different methods, they concluded that some innovative technologies for fabricating telescopic 
crowns have higher wear resistance than the classical method (29, 32, 39, 40). Other authors 
oppose this statement in their studies (36, 43, 66, 72). For example, Bayer et al., Beuer et al. 
and Gurbulak et al. concluded that if the taper angle is 1° or 2° and the surface of the telescopes 
is processed according to a certain protocol, the retentiveness in the classical method (of metal 
alloy) is very good (29, 49, 92).  

There are studies by other authors examining the retention force of telescopic crowns, which 
subject their test specimens to 5,000 or 10,000 cycles of mechanical-cyclic loading (37, 43, 67, 
93, 196). 

In the study conducted by the research team, the retention force increases when the taper 
angle decreases. This statement is similar to others published in the specialized literature (58, 
117, 126, 154, 215, 219, 225). The reason for this is that in telescopic crowns with the taper 
angle is generated a compressive stress, as the primary crown, with occlusal force, acts as a 
wedge. The mechanism of retention of conical crowns is based on this wedgelike effect.  

Different speeds of separation of the primary from the secondary telescopic crown have 
been applied in the specialized literature. More specially – Weigl 20 mm/min, Turp1 20 
mm/min, Shimakura 5 mm/min, Bayer 120 mm/min and Güngör 0,5 mm/min. As mentioned, 
in this study, the separation speed was set at 0.1 mm/s (6 mm/min). 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

V. CONCLUSION 
 

The aim of the dissertation is laboratory to study the retention force of telescopic crowns 

produced by different methods is  fulfilled as follows: 

For the first task, a survey was conducted among dentists and dental technicians practicing 

in the country. Own questionnaires were developed, including 8 questions. 

The implementation of this task allows for the following findings: 

1. The number of dentists who have made telescopic crowns included in the survey is slightly 

more than a third of the sample. 

2. The number of dental technicians, who produced telescopic crowns included in the survey 

slightly exceeds that of those who have not worked with this type of construction. 

3. After processing the survey, the preference of dental technicians for the use of the 
technique of model casting and milling for the manufacture of telescopic crowns over 
alternative innovative technologies is clear. 

Under the second task, a new methodology for producing telescopic crowns was proposed. 
After analyzing the data in the scientific literature and completing the task, the following 
finding can be drawn: 

  1. A modified method for manufactoring telescopic crowns has been developed in order to 
increase the retention strength. 

2. The methodology developed by us can be applied with standard dental equipment. 

 
         Under the third task, an apparatus for cyclic-mechanical loading of prototypes was 

created and the following findings can be made: 
1. The device developed by us allows programming of various parameters - time to perform 

more than one cycle, number of cycles, pressure force. 



2. The design of the device allows testing for multiple cyclic-mechanical loading and other 

prosthetic elements. 

In the implementation of the fourth task, studies of the friction force of four groups of 

prototypes, designed four groups of prototypes made by CAD / CAM technology and we can 

make the following findings: 

The summary values of all tests performed on the two groups of test specimens show that 

the minimum retention value is 1N and the maximum is 3N. 

 

 
The research performed on the device was carried out with regulation through an 

electronically programmable part up to a value of 50N. 

1. The highest retention value was found in the fourth d group - 3.33N 

2. The lowest value of holding force was reported in the third group - 1N 

3. The developed method ranked third in terms of retention. 

   
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

VI. INFERENCE 
1. Very few Doctors of Dental Medicine in the country use telescopic crowns as a precision 

attachment in their daily practice. 

2. The majority of dental technicians who took part in the survey prefer techniques such as model 
casting and milling to produce telescopic crowns. 

3. Most of the interviewed dental technicians did not apply the innovative techniques for producing 
telescopic crowns. 

4. The created apparatus for cyclic-mechanical loading through the container for artificial saliva 
is close to the conditions in the oral cavity. 

5. The created device for cyclic-mechanical loading is applicable to other prosthetic elements. 

6. With the help of the created modified method, the retention between the primary and secondary 
telescopic crown is much better than the application of the USIG-foil system. 

7. The data from the examination of the samples from the first group (classical) and in the second 
group (FGP) after subjection to cyclic-mechanical loading of 6000 cycles show that the 
samples from the second group (FGP system) have better retention when tested with the device. 

8. The data obtained from the study of the samples from the four groups after subjected to 
mechanical-cyclic loading of 6000 cycles, show that the samples from the fourth d group 
produced by the method developed by the scientific team (with taper 0 ° and telescope height 5 
mm) the retention force rate is best compared to all other groups. 

9. The wear resistance of the prototypes decreases with increasing number of cycles of mechanical-
cyclic loading, regardless of the applied methodology. 

10. The modified method created by the scientific team is applicable among patients. 

 

 

 



 

 

 

 

 

 

 

 

 

VII. CONTRIBUTIONS 
 

Contributions of a confirmatory nature 

It has been unequivocally proven that the wear resistance between the primary and secondary 
telescopic crown decreases over time. 

Strict observance of the stages of the protocol in the technological production of the 
telescopic crowns leads to their accuracy and level of retention. 

Contributions of a current nature 

For the first time after 90’s in Bulgaria, a survey was conducted on awareness of the 
knowledge, application and technology for making telescope crowns by dentists and dental 
technicians. 

For the first time in our country a laboratory apparatus for mechanical-cyclic loading of 
prototypes has been made. 

For the first time in Bulgaria, the retention potential of telescopic crowns is being studied 
through tensile tests under different modes and retaining elements (playing the role of jaws) 
specially designed for the study. 

Contributions of scientific and applied nature 

It has been proven that the laboratory apparatus for mechanical-cyclic loading of prototypes 
is applicable to other complex prosthetic structures that require loading along the longitudinal 
tooth axis. 

It has been proven that a proposed and clinically tested method, including additional 
retentive elements, leads to good retention in telescopic crowns. 

It has been proven that the design of the primary and secondary telescopic crown by CAD / 
CAM technology can be done simultaneously. 
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